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[57] ABSTRACT 
A Photosensitive member of the present invention com 
prises an electrically conductive substrate, a photocon 
ductive layer and an overcoat layer. 

The photoconductive layer comprises selenium-arsenic 
alloy layer, or selenium layer and selenium-tellurium 
layer formed in this order. The overcoat layer com 
prises amorphous carbon containing hydrogen and con 
tains elements in Group V of the periodic table. 
The overcoat layer may contain at least one or more 
elements selected from the group consisting of oxygen, 
nitrogen, chalcogen, halogen and elements in Group III 
and IV of the periodic table in addition to elements in 
Group V of the periodic table. 
The photosensitive member of this construction is 
harmless and excellent in electrophotographic charac 
teristics inclusive of durability and surface hardness. 

8 Claims, 3 Drawing Sheets 
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PHOTOSENSITIVE MEh/IBER HAVING AN 
AMORPHOUS CARBON OVERCOAT LAYER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 
The present invention relates to a photosensitive 

member comprising an overcoat layer on a monolayer 
construction of selenium-arsenic alloy or a laminate 
layer construction of selenium-tellurium alloy. 

2. Description of the Prior Art: 
Photosensitive members of amorphous selenium have 

been well known, and there have been many attempts to 
improve the disadvantages in heat resistance, spectral 
sensitivity, dark decay and the like, of such members. 
For example, arsenic is doped into a selenium layer, or 
selenium-tellurium alloy layer is formed on a selenium 
layer to obtain a photosensitive member of laminated 
structure. 

It has conventionally been well known that photosen 
sitive members composed of selenium-arsenic alloys 
(hereinafter referred to as Se-As) have the highest pho 
tosensitivity in spectral luminous ef?ciency of all the 
members and that members comprising a selenium layer 
having a selenium-tellurium layer (hereinafter referred 
to as Se-Te) laminated thereon, have the highest sensi 
tivity to long wavelength light which is required for 
printers using semiconducting laser beams as a light 
source. 

However, conventional Se-As and Se-Te photosensi 
tive members in common use have disadvantages. One 
disadvantage is that they are harmful to the human 
body. Although it is nearly impossible for the photosen 
sitive member to come into direct contact with the 
human body, when such a photosensitive member is 
used in a copy machine, powder from said member 
adheres to the copy image due to surface friction caused 
by the member rubbing against the copy paper, cleaning 
materials, developer or other matter, and the powder is 
then discharged from the machine. Accordingly, when 
the copy is picked up by hand the person is directly 
contaminated by the selenium, arsenic and tellurium, 
the harmfulness of said substances being a matter for 
concern. Another disadvantage is poor durability. The 
surface hardness of Se-As and Se-Te photosensitive 
members barely meets the H level of the JIS standards 
for pencil lead hardness, consequently, the surface is 
readily damaged when friction is generated during use 
of the machine as described previously, or repeated 
harsh surface contact is made during paper jams and the 
resultant reversion to manual remedies. This damage 
markedly reduces the image quality due to so-called 
whiteouts on the copy image, and shortens the useful 
life span of the photosensitive material. 

In order to eliminate these disadvantages, the surface 
of the Se-As or Se-Te photosensitive member is covered 
with a protective layer. 
For example, Japanese Unexamined Patent Publica 

tions No. SHO 53-23636 and SHO 53-111734 disclose 
photosensitive members having a speci?c silicide ap 
plied on a selenium, selenium-tellurium alloy, and 
selenium-cadmium alloy photoconductive layers and 
hardened to form an insulating layer. Japanese Unexam 
ined Patent Publication No. SHO 59-58437, discloses a 
photosensitive member having an amorphous Si:N or 
Si:O layer 50 angstroms to 2 microns in thickness 
formed on a selenium-arsenic alloy layer by the glow 
discharge process using silane gas and ammonia gas, or 
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2 
silane gas and nitrous oxide gas as starting materials. 
Japanese Unexamined Patent Publication No. SHO 
60-61761 discloses a photosensitive member having an 
amorphous carbon or hard carbon layer formed on a 
photosensitive layer. 
However, photosensitive members disclosed in J apa 

nese Unexamined Patent Publications No. SHO 
53-23636 and 53-111734 has a'drawback in that the 
surface of the members are readily damaged due to its 
poor surface hardness. Photosensitive members dis 
closed in Japanese Unexamined Patent Publications No. 
SHO 59-58437 and 60-61761 produce so-called image 
drift under high temperature and humidity conditions. 
Particularly, the latter publication discloses a photocon 
ductive layer of amorphous silicon. Therefore, when 
this technique is applied to the members composed of 
selenium, there arises a problem of reduced chargeabil 
ity. 
As apparent from the above, there is no disclosure in 

these publications of any means for resolving the basic 
disadvantages inherent in the aforementioned Se-As 
and Se-Te photosensitive members. 

SUMMARY OF THE INVENTION 

A main object of the present invention is to provide a 
non-injurious photosensitive member generally superior 
in electrophotographic characteristics and having high 
durability. 

Still another object of the invention is to provide an 
overcoat layer of high hardness, which has superior 
adhesion properties, on the photosensitive member. 
A further object of the invention is to provide a pho 

tosensitive member having an overcoat layer, which 
does not separate from said member when put into 
actual service, in a copy machine. 
These and other objects of the present invention are 

achieved by providing a photosensitive member com 
prising a conductive substrate, a photosensitive layer 
formed by a selenium-arsenic alloy monolayer, or sele 
nium and selenium-tellurium alloy layers formed in 
sequence, and an amorphous carbon overcoat layer 
provided over the photosensitive layer, said overcoat 
layer comprising elements in Group V of the periodic 
table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following description, like parts are designated 
by like reference numbers throughout the several draw 
mgs. 
FIG. 1 is a diagram showing a photosensitive member 

embodying the invention; and 
FIGS. 2 and 3 are diagrams showing apparatus for 

preparing photosensitive members of the invention. 

'DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows an example of the construction of a 
photosensitive member of the present invention 
wherein a conductive substrate 3 has sequentially lami 
nated thereon a photosensitive layer 2 and an overcoat 
layer 1 formed of an amorphous hydrocarbon layer. 
A photosensitive layer 2 is formed of a single layer 

composed of selenium-arsenic alloys (hereinafter re 
ferred to as Se-As member) on a conductive substrate 3, 
or formed of a selenium layer, having a selenium-tel 
lurium layer laminated thereon, on a conductive sub 
strate 3 (hereinafter referred to as Se-Te member). 
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The conductive substrate 3 may be at a minimum a 
material which is conductive on its outermost surface, 
and may be cylindrical, ?exible belt, ?at plate, or other 
arbitrary shape. 
The characteristics of the present invention is an 

overcoat layer 1 having elements in Group V of the 
periodic table in an amorphous carbon layer (hereinaf 
ter referred to as an a-C layer). 
The amorphous carbon layer itself has a hardness 

rating of 4H, but becomes harder and damage resistant 
by means of the addition of elements in Group V of the 
periodic table, the addition of said elements provide an 
overcoat layer 1 which has comparatively superior 
moisture resistance, assures suitable chargeability, and 
has superior transparency to light. 
The amount of elements in Group V of the periodic 

table to be present in the a-C layer of the present inven 
tion is preferably from about 0.1 to 20 atomic %, more 
preferably from about 0.5 to 20 atomic %, and most 
preferably from about 1.0 to 20 atomic % based on all 
the constituent atoms of the a-C layer. 
The content of less than 0.1 atomic % of the Group V 

elements is undesirable in view of moisture resistance 
and charging capability. 
Although there is no particular limitation on the 

amount of the elements in Group V which may be con 
tained in the a-C layer, the amount is necessarily re 
stricted from the perspectives of the overcoat layer 
manufacturing and glow discharge processes. 
Although there is no particular limitation on the 

amount of the hydrogen atoms which may be contained 
in the a-C layer, the amount is necessarily restricted 
from the perspectives of the overcoat layer manufactur 
ing and glow discharge processes, the structure of the 
overcoat layer and the content of dopants, said amount 
being, in general, 10 to 60 atomic %. 
The contents of these atoms in the a-C layer can be 

determined by a usual method of elementary analysis, 
e.g. Auger electron spectroscopy or IMA analysis. 
The overcoat layer 1 of the present invention is 

formed at a thickness of 0.01 to 5 microns, preferably 
0.05 to 2 microns, and ideally 0.1 to 1 microns. A layer 
with a thickness of less than 0.01 microns has reduced 
hardness and is readily damaged. Also, a layer with the 
thickness exceeding 5 microns has reduced transpar 
ency to light and causes reduced sensitivity of the pho 
tosensitive member because the exposed light cannot be 
effectively conducted to the selenium photosensitive 
layer. 
The overcoat layer 1 of the photosensitive member of 

the present invention may be formed on an Se-As mem 
ber or Se-Te member, thus achieving the objects of the 
present invention. 
The overcoat layer 1 is formed by means of a glow 

discharge process. The overcoat layer 1 is formed by 
discharging at reduced pressure gaseous-phase mole 
cules containing at least carbon atoms and molecules 
containing hydrogen atoms together with molecules at 
least containing Group V elements, thereby diffusing on 
the substrate the activated neutral atoms and charged 
atoms in the plasma production region, and being in 
duced by electrical or magnetic force or the like to form 
on the substrate in solid phase via a recombination reac 
tion. The formation of the overcoat layer 1 can be regu 
lated via the aforesaid plasma reaction (hereinafter re 
ferred to as a P-CVD reaction) to form an amorphous 
hydrocarbon layer incorporating Group V elements of 
the periodic table. 

15 

20 

25 

30 

35 

45 

50 

55 

65 

4 
These hydrocarbons need not always be in a gaseous 

phase at room temperature and atmospheric pressure 
but can be in a liquid or solid phase, insofar as they can 
be vaporized via melting, evaporation or sublimation, 
for example, by heating or a vacuum. Examples of use 
ful hydrocarbons are saturated hydrocarbons, unsatu 
rated hydrocarbons, alicyclic hydrocarbons, aromatic 
hydrocarbons and the like. Such hydrocarbons are us 
able in combination. 
A wide variety of hydrocarbons are usable. Examples 

of useful saturated hydrocarbons are normal paraf?ns 
such as methane, ethane, propane, butane, pentane, 
hexane, heptane, octane, nonane, decane, undecane, 
dodecane, tridecane, tetradecane, pentadecane, hexa 
decane, heptadecane, octadecane, nonadecane, eico 
sane, heneicosane, docosane, tricosane, tetracosane, 
pentacosane, hexacosane, heptacosane, octacosane, 
nonacosane, triacontane, dotriacontane, pentatriacon 
tane, etc.; isoparaf?ns such as isobutane, isopentane, 
neopentane, isohexane, neohexane, 2,3-dimethylbutane, 
Z-methylhexane, S-ethylpentane, 2,2-dimethylpentane, 
2,4-dimethylpentane, 3,3-dimethylpentane, tributane, 
Z-methylheptane, 3-methylheptane, 2,2-dimethylhex 
ane, 2,2,5-dimethylhexane, 2,2,3-trimethylpentane, 
2,2,4-trimethylpentane, 2,3,3-trimethylpentane, 2,3,4 
trimethylpentane, isononane, etc.; and the like. 
Examples of useful unsaturated hydrocarbons are 

olefms such as ethylene, propylene, isobutylene, 1 
butene, 2-butene, l-pentene, Z-pentene, Z-methyl-l 
butene, S-methyl-l-butene, 2-methyl-2-butene, l-hex 
ene, tetramethylethylene, l-heptene, l-octene, l 
nonene, l-decene and the like; diole?ns such as allene, 
methyl-allene, butadiene, pentadiene, hexadiene, cyclo 
pentadiene and the like; triole?ns such as ocimene, al 
loocimene, myrcene, hexatriene and the like; acetylene, 
methylacetylene, l~butyne, Z-butyne, l-pentyne, l-hex 
yne, l-heptyne, l-octyne, l-nonyne, l-decyne, buta 
diyne and the like. 
Examples of useful alicyclic hydrocarbons are cyclo 

paraf?ns such as cyclopropane, cyclobutane, cyclopen 
tane, cyclohexane, cycloheptane, cyclooctane, cyclono 
nane, cyclodecane, cycloundecane, cyclododecane, 
cyclotridecane, cyclotetradecane, cyclopentadccane, 
cyclohexadecane and the like; cycloolefins such as cy 
clopropene, cyclobutene, cyclopentene, cyclohexene, 
cycloheptene, cyclooctenc, cyclononene, cyclodecene 
and the like; terpenes such as limonene, terpinolene, 
phellandrene, sylvestrene, thujene, carene, pinene, bor 
nylene, camphene, fenchenc, cyclofenchene, tricyclene, 
bisabolene, zingiberene, curcumene, humulene, 
cadinenesesquibenihene, selinene, caryophyllene, santa 
lene, cedrene, camphorene, phyllocladene, podocar 
prene, mirene and the like; steroids; etc. 
Examples of useful aromatic hydrocarbons are ben 

zene, toluene, xylene, hemimellitene, pseudocumene, 
mesitylene, prenitene, isodurene, durene, pentamethyl 
benzene, hexamethylbenzene, ethylbenzene, propylben 
zene, cumene, styrene, biphenyl, terphenyl, diphenyl 
methane, triphenylmethane, dibenzyl, stilbene, indene, 
naphthalene, Tetralin ®, anthracene, phenanthrene and 
the like. 
The hydrogen content of the a-C layer of the inven 

tion is variable in accordance with the ?lm forming 
apparatus and ?lm forming conditions. The hydrogen 
content can be decreased, for example, by elevating the 
substrate temperature, lowering the pressure, reducing 
the degree of dilution of the starting materials, applying 
a greater power, decreasing the frequency of the alter 
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nating electric ?eld to be set up, increasing the intensity 
of a d.c. electric ?eld superposed on the alternating 
electric ?eld or desired combination of such proce 
dures. 
Examples of molecules containing at least Group V 

elements of the periodic table are PH3, PF3, PF5, 
PClzF, PCl2F3, PC13, PB1'3, PO(OCH3)3, P(C2H5)3, 
POCl3, ASH3, ASCI3, AsBr3, AsF3, AsF5, AsCl3, SbH3, 
SbF3, SbCl3, Sb(OCzH5)3 and the like. 

In the present invention, the overcoat layer may con 
tain at least one or more elements selected from the 
group consisting of oxygen, nitrogen, chalcogen, halo 
gen and elements in Group III and IV of the periodic 
table in addition to the elements in Group V of the 
periodic table. The addition of these elements more 
assures superior adhesion, moisture resistance and high 
hardness. 
The amounts of oxygen atoms, nitrogen atoms,chal 

cogen atoms and elements in Group III of the periodic 
table to be present in the a-C layer of the present inven 
tion are preferably from about 0.1 to 20 atomic %, more 
preferably from about 0.5 to 20 atomic %, and most 
preferably from about 1.0 to 20 atomic % based on all 
the constituent atoms of the a-C layer. 
The amount of halogen atoms and elements in Group 

IV of the periodic table to be present in the a-C layer of 
the present invention is preferably about 0.1 to 50 
atomic %, more preferably about 0.5 to 30 atomic %, 
and most preferably about 1.0 to 20 atomic % based on 
all the constituent atoms of the a-C layer. 
A content of less than 0.1 atomic % of the additional 

elements is undesirable in view of adhesion and mois 
ture resistance. If the amount of halogen atoms and IV 
atoms of the periodic table exceeds 50 atomic % based 
on all the constituent atoms of the a-C layer, transpar 
ency is reduced. 
Although there is no particular limitation on the 

amount of the above-mentioned elements which may be 
contained in the a-C layer, the amount is necessarily 
restricted from the perspectives of the overcoat layer 
manufacturing and glow discharge processes. 

In the present invention, Group V elements and at 
least one or more elements selected from the group 
consisting of oxygen, nitrogen, chalcogen, halogen, 
Group III and Group IV elements may be distributed 
evenly or unevenly in the overcoat layer in the thick 
ness direction of the layer. 

In case that the Group V elements is distributed un 
evenly in a direction of the thickness of the layer, it is 
preferable that the increase in Group V elements be 
distributed toward the surface side for the purpose of 
assuring excellent chargeability by preventing the injec 
tion of charges from the surface. 

In case that at least one or more elements selected 
from the group consisting of oxygen, nitrogen, chalco 
gen, halogen, Group III and Group IV elements are 
distributed unevenly in the overcoat layer in the thick 
ness direction of the layer, it is preferable that said 
atoms concentration increase toward the substrate side 
for the purpose of assuring superior adhesion to the 
Se-As or Se-Te member. 
The contents of these atoms in the a-C layer can be 

determined by a usual method of elementary analysis, 
e.g. Auger electron spectroscopy or IMA analysis. 
Examples of molecules containing at least oxygen and 

nitrogen are 0;, H2O, N2, NH3, N20, NO, C0, C02, 
NHzNHg, CH3OH, CH3COH3, CH3OCH3, HCOOH, 
HCHO, CH3NHz, (CH3)3N and the like. 
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6 
Examples of molecules containing at least chalcogen 

atoms are HZS, CH3(CH2)4S(CH2)4CH3, 
CH2=CHCH2sCH2cH:CH2, C2H5SC2H5, 
C2H5SCH3, thiophene, HzSe, (CzH5)2Se, HzTe and the 
like. 
Examples of molecules containing at least halogen 

are F2, HF, HCL, CF4, CCL4, C3F3, CFZCHZ, 
CFHCFH and the like. 
Examples of molecules containing at least Group III 

elements of the periodic table are B2H6, BCl3, BBI'3, 
BFs, B(OC2Hs)3, AlCls, Al(0i-C3H7)3,. (C2Hs)3Ga, 
(C2H5)3In and the like. 
Examples of molecules containing at least Group IV 

elements of the periodic table are SiH4, Si2H6, SiF4, 
Si(OCH3)4, GeH4, GeF4, GezHg, Ge(OCH3)4, 
Sn(OCH3)4, Sn(OC2H5)4 and the like. 
The amount of these atoms, i.e., oxygen, nitrogen, 

chalcogen, halogen and Group III and IV elements of 
the periodic table, incorporated in the a-C layer can be 
regulated at least by means of increasing or decreasing 
the amount of molecules containing these atoms in the 
P-CVD reaction. 
The amount of these atoms, i.e., oxygen, nitrogen, 

chalcogen, halogen and Group III, IV and V elements 
of the periodic table can be, incorporated unevenly in 
the a-C layer by increasing or decreasing the amount of 
molecules containing these atoms during the P-CVD 
reaction. . 

FIGS. 2 and 3 show an example of a glow discharge 
decomposition apparatus for forming the overcoat layer 
of the present invention. FIG. 2 shows a plane-parallel 
plate P-CVD apparatus and FIG. 3 shows a cylindrical 
P-CVD apparatus. 

First, an explanation of the apparatus shown in FIG. 
2 follows hereinafter. 
FIG. 2 shows an apparatus for preparing the photo 

sensitive member of the invention. The ?rst to sixth 
tanks 701 to 706 have enclosed therein starting material 
compounds, which are in gas phase at room tempera 
ture, and a carrier gas and are connected respectively to 
?rst to sixth regulator valves 707 to 712 and ?rst to sixth 
flow controllers 713 to 718. First to third containers 719 
to 721 contain starting material compounds which are 
liquid or solid at room temperature, can be preheated by 
?rst to third heaters 722 to 724 for vaporizing the com 
pounds, and are connected to seventh to ninth regulator 
valves 725 to 727 and seventh to ninth flow controllers 
728 to 730, respectively. The gases to be used as se 
lected from among these gases are mixed together by a 
mixer 731 and fed to a reactor 733 via a main pipe 732. 
The interconnecting piping can be heated by a pipe 
heater 734 which is suitably disposed so that the mate 
rial compound, in a liquid or solid phase at room tem 
perature and vaporized by preheating, will not con 
dense during transport. A grounded electrode 735 and a 
power application electrode 736 are arranged to oppose 
to each other within the reactor 733. Each of these 
electrodes can be heated by an electrode heater 737. 
The power application electrode 736 is connected to a 
high-frequency power source 739 via a high-frequency 
power matching device 738, to a low-frequency power 
source 741 via a low-frequency power matching device 
740 and to a d.c. power source 743 via a low-pass ?lter 
742. Power of one of the different frequencies is applica 
ble to the electrode 736 by way of a connection select 
ing switch 744. The internal pressure of the reactor 733 
is adjustable by a pressure control valve 745. The reac 
tor 733 is evacuated by a diffusion pump 747 and an oil 
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rotary pump 748 via an exhaust system selecting valve 
746, or by a cooling-removing device 749, a mechanical 
booster pump 750 and an oil rotary pump 748 via an 
other exhaust system selecting value 746. The exhaust 
gas is further made harmless by a suitable removal de 
vice 7 53 and then released to the atmosphere. The evac 
uation piping system can also be heated by a suitably 
disposed pipe heater 734 so that the material compound 
which is liquid or solid at room temperature and vapor 
ized by preheating will not condense during transport. 
For the same reason, the reactor 733 can also be heated 
by a reactor heater 751. An electrically conductive 
substrate 752 is placed on the electrode 735 in the reac 
tor. Although FIG. 2 shows that the substrate 752 is 
?xed to the grounded electrode 735, the substrate may 
be attached to the power application electrode 736, or 
to both the electrodes. 
FIG. 3 shows another type of apparatus for preparing 

the photosensitive member of the invention. This appa 
ratus has the same construction as the apparatus of FIG. 
2 with the exception of the interior arrangement of the 
reactor 833. The numerals shown by 700 order in FIG. 
2 are replaced by the numerals at 800 order in FIG. 8. 
With reference to FIG. 3, the reactor 833 is internally 
provided with a hollow cylindrical electrically conduc 
tive substrate 852 serving also as the grounded elec 
trode 735 of FIG. 2 and with an electrode heater 837 
inside thereof. A power application electrode 836, simi 
larly in the form of a hollow cylinder, is provided 
around the substrate 852 and surrounded by an elec 
trode heater 837. The conductive substrate 852 is rotat 
able about its own axis by a motor from the outside. 
The reactors shown in FIGS. 2 and 3 for preparing 

the photosensitive member are ?rst evacuated by the 
diffusion pump to a vacuum of about 10"‘ to about 
l0-6 torr, whereby the adsorbed gas inside the reactor 
is removed. The reactor is also checked for the degree 
of vacuum. At the same time, the electrodes and the 
substrate ?xedly placed on the electrode are heated to a 
predetermined temperature. A photosensitive member 
comprising a conductive substrate and a single photo 
sensitive layer formed thereon and composed of seleni 
um-arsenic alloys or a photosensitive layer composed of 
selenium layer having a selenium-tellurium layer lami 
nated thereon may be used. 

Subsequently, material gases are fed into the reactor 
from the ?rst to sixth tanks and the ?rst to third contain 
ers (i.e. from those concerned), each at a speci?ed flow 
rate, using the flow controllers concerned, i.e. ?rst to 
ninth ?ow controllers and the interior of the reactor is 
maintained in a predetermined vacuum by the pressure 
control valve. After the combined ?ow of gases has 
become stabilized, the high-frequency power source, 
for example, is selected by the connection selecting 
switch to apply a low-frequency power to the power 
application electrode. This initiates discharge across the 
two electrodes, forming a solid layer on the substrate 
with time. The thickness of the layer is controllable by 
varying the reaction time, such that the discharge is 
discontinued upon the thickness reaching the desired 
value. Consequently, the a-C layer of the invention is 
obtained which serves as an overcoat layer. 
The amount of impurities inevitably contained in the 

a-C layer of the present invention during its manufac 
ture is preferably less than about 5 atomic % based on 
all the constituent in the a-C layer. 
The present invention will be described with refer 

ence to the following examples. 
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8 
EXAMPLES 1 AND 2 

Using a glow discharge decomposition apparatus 
shown in FIG. 3, an overcoat layer of the present inven 
tion for a photosensitive member was prepared. 

First, the interior of the reactor 733 was evacuated to 
a high vacuum of about 10“6 torr, and the ?rst, second 
and third regulator valves 707, 708 and 709 were there 
after opened to introduce hydrogen gas from the ?rst 
tank 701, butadiene gas from the second tank 702 and 
phosphine gas which was diluted to a concentration of 
10% with hydrogen from the third tank 703 into the 
?rst flow controller 713, the second flow controller 714 
and the third ?ow controller 715 respectively at an 
output pressure of 1.0 kg/cmz. The dials on the ?ow 
controllers were adjusted to supply the hydrogen gas at 
a flow rate of 200 sccm, the butadiene gas at 60 sccm 
and the phosphine gas at 100 sccm to the reactor 733 
through the main pipe 732 via the intermediate mixer 
731. After the ?ows of the gases were stabilized, the 
internal pressure of the reactor 733 was adjusted to 0.5 
torr by the pressure control valve 745. On the other 
hand, the substrate 752 was used, said substrate being a 
cylindrical aluminum substrate measuring 80 mm in 
diameter and 330 mm in length and having an Se-As 
photosensitive layer (Example 1) and an Se-Te photo 
sensitive layer (Example 2) previously formed thereon 
to a ?lm thickness of approximately 50 microns in ac 
cordance with conventional methods and using a sepa 
rate vacuum evaporation device. The temperature of 
substrate 752 was raised from room temperature to 50° 
C. about a 15 minute period prior to the introduction of 
the gases. With the gas ?ow rates and the pressure in 
stabilized state, ISO-watt power with a frequency of 100 
KHz was applied to the power application electrode 
736 from the low-frequency power source 741 precon 
nected thereto by the selecting switch 744 to conduct 
plasma polymerization for 2 minutes, forming an a-C 
layer, 0.25 microns in thickness, as an overcoat layer. 
After completion of the ?lm formation, the power sup 
ply was discontinued, the regulator valves except for 
the one for hydrogen gas were all closed. Then, only 
the hydrogen gas was introduced into the reactor 733 at 
a ?ow rate of 200 sccm with a pressure of 10 Torr to 
decrease the temperature of the substrate to 30° C. for 
about 15 minutes. Thereafter, the regulator valves for 
hydrogen gas was closed, whereupon the vacuum was 
broken and the photosensitive member of the present 
invention was removed. 
When subjected to organic quantitative analysis and 

Auger electron spectroscopy, the a-C layer thus ob 
tained was found to contain 45 atomic % of hydrogen 
atoms and 3.8 atomic % of Group V elements, i.e., 
phosphorus atoms based on all the constituent atoms 
contained therein. 

Characteristics: 

The overcoat layers obtained in Examples 1 and 2 
had a surface hardness of about 6H based on measure 
ments for pencil lead hardness as provided in Japanese 
Industrial Standards JIS K-5400, and it is understood 
that the high degree of surface hardness was a marked 
improvement. 

Furthermore, when the photosensitive member ob 
tained in Example 1 was measured for white light sensi 
tivity using the normal Carlson process, the amount of 
light required for light decay was 0.99 lux-sec, and since 
the measured value prior to the manufacture of the 
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overcoat layer was about 0.93 lux-sec., it is understood 
that the overcoat layer of the present invention does not 
impair the inherent sensitivity of the SeAs photosensi 
tive member. Also, the photosensitive member obtained 
in Example 2 had measured for photosensitivity of 780 
nm using the normal Carlson process, the amount of 
light required for light decay was about 5.2 erg/cmz, 
and since the measured value prior to the manufacture 
of the overcoat layer was about 5.0 erg/cm2, it is under 
stood that the overcoat layer of the photosensitive 
member of the present invention does not impair the 
inherent sensitivity of the Se-Te photosensitive mem 
her. 

In addition, the photosensitive members obtained in 
Examples 1 and 2 were exposed to atmospheric condi 
tions of low temperature-low humidity (10° C. and 30% 
humidity) and high temperature-high humidity (50° C. 
and 90% humidity) which were alternated every 30 
minutes each over a 6 hour period, and cracking or 
separation of the overcoat layer was not observed, from 
which results it is understood that the photosensitive 
member having the overcoat layer of the present inven 
tion has superior adhesive properties regarding its adhe 
sion to the Se-As and Se-Te photosensitive layers. 

Further, when the photosensitive member obtained in 
Example 1 was installed in a Minolta Model EP 650Z 
copy machine and copies made, clear images were ob 
tained. In addition, so-called image drift was not ob 
served when copies were made under environmental 
conditions of 35’ C. temperature and 80% humidity. 
Neither was any separation of the overcoat layer noted 
when said layer came into contact with the developer, 
copy paper, and cleaning components within the copy 
‘machine. Under normal room conditions, 250,000 cop 
ies were made and clear images were obtained to the 
last. Additionally, the surface was subjected to compo 
nent analysis after making the 250,000 copies using 
Auger analysis and neither selenium nor arsenic were 
detected. From these results, it can be understood that 
the overcoat layer of the present invention improved 
the harmful aspects and increased durability while it did 
not impair image quality. 
When the photosensitive member obtained in Exam 

ple 2 was installed in a Minolta Model EP 4502 copy 
machine and copies made using an optical system modi 
tied to a conventional semiconductor laser exposure 
system comprising a semiconductor laser, polygon mir 
ror scanner, drive system and the like, clear images 
were obtained. In addition, so-called image drift was 
not observed when copies were made under environ 
mental conditions of 35° C. temperature and 80% hu 
midity. Neither was any separation of the overcoat 
layer noted when said layer came into contact with the 
developer, copy paper, and cleaning components within 
the copy machine. Under normal room conditions, 
200,000 copies were made and clear images were ob 

0 

5 

20 

25 

30 

45 

55 

65 

10 
tained to the last. Additionally, the surface was sub 
jected to component analysis after making the 200,000 
copies using Auger analysis and neither selenium, tellu 
rium, or the like were detected. From these results, it 
can be understood that the overcoat layer of the present 
invention decreases the harmful aspects and increased 
durability while it did not impair image quality. 

EXAMPLES 2 TO 26 

Photosensitive members were prepared in a manner 
similar to Example 1, each member comprising a photo 
sensitive layer and an overcoat layer provided in this 
order as shown in FIG. 1. 
Table 1 shows the various condition values for form 

ing an overcoat layer. Table 1 shows the conditions 
different from Example 1 for forming an overcoat layer 
and classi?ed into 18 items (1) to (18). These items are 
described at the top column of the Table. Some condi 
tion values shown at each item are common to each 
example, while others are varying in each example. 

Table 1 shows the items (1) to (18) as follows: 
(1) ?ow rate of hydrogen gas from the ?rst tank (701) 

(sccm) 
(2) flow rate of material gas from the second tank 

(702) (sccm) 
(3) flow rate of dopant gas from the third tank (703) 

(sccm) 
(4) flow rate of dopant gas from the fourth tank (704) 

(sccm) 
(5) ?ow rate of dopant gas from the ?rst container 

(719) (sccm) , 
(6) temperature of the ?rst heater (722) (°C.) 
(7) pressure (Torr) 
(8) temperature of the substrate‘(°C.) 
(9) time for heating the substrate (minute) 
(10) dimension of the substrate (diameterXlength) 

(unit: mm) 
(11) power (watt) 
(12) time for plasma polymerization (minute) 
(13) thickness of the layer (micron) 
(14) frequency from the power source (KHz) 
(15) hydrogen content (atomic %) 
(l6), (l7) and (18) content of dopant contained in the 

overcoat layer (atomic %) 
(19) photosensitive layer on which the overcoat layer 

is formed. In this, A represents Se-As layer and B 
represents Se-Te layer , 

(20) thickness of the photosensitive layer (micron) 

Characteristics: 

The photosensitive members obtained in Examples 2 
to 26 have almost the same characteristics as that in 
Example 1. From these results, it can be understood that 
the overcoat layer of the present invention improved 
the harmful aspects and increased durability while it did 
not impair image quality. 
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COMPARATIVE EXAMPLES 1 AND 2 

Overcoat layers were formed on an Se-As photosen 
sitive member (Comparative Example 1) and an Se-Te 
photosensitive member (Comparative Example 2) as per 
Examples 1 and 2 except omitting the in?ow of phos 
phine gas. 
The overcoat layers obtained in Comparative Exam 

ples l and 2 had a surface hardness of about 4H based on 
measurements for pencil lead hardness as provided in 
Japanese Industrial Standards 118 K-5400, and it is un 
derstood that these members had a lower surface hard 
ness compared with those in Examples 1 and 2. This 
indicates that the addition of Group V elements into the 
overcoat layer improves the surface hardness thereof. 

Subsequently, when these photosensitive members 
were installed in copy machines and continuous copy 
operations performed, the surface of the members was 
charged to a half amount of those in Examples 1 and 2 
to thereby obtain images with poor density. 

Further, so-called image drift was produced when 
these photosensitive members were installed in copy 
machines and continuous copy operations performed 
under environmental conditions of 35° C. temperature 
and 80% humidity. 

After completion of the ?eld tests, the photosensitive 
members obtained in Comparative Examples 1 and 2 
were exposed to atmospheric conditions of low temper 
ature-low humidity (10° C. and 30% humidity) and high 
temperature-high humidity (50' C. and 90% humidity) 
which were alternated every 30 minutes each over a six 
hour period, with the result that the overcoat layers 
gradually separated from the photosensitive layers. 

COMPARATIVE EXAMPLES 3 AND 4 

Overcoat layers were formed on an Se-As photosen 
sitive member (Comparative Example 3) and an Se-Te 
photosensitive member (Comparative Example 4) as per 
Examples 5 and 6 except that nitrogen gas and phos 
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phine gas were not introduced and the ?ow rate of 40 
hydrogen gas was increased to 300 sccm. 
The obtained test materials exhibited poor moisture 

resistance and produced image drift under high temper 
ature conditions prior to use in resistance tests, thus 
con?rming their impracticality. 

COMPARATIVE EXAMPLES 5 AND 6 

Overcoat layers were formed on an Se-As photosen 
sitive member (Comparative Example 5) and an Se-Te 
photosensitive member (Comparative Example 6) as per 
Examples 5 and 6 except omitting the in?ow of phos 
phine gas. 

Characteristics: 

When this member was charged to +600 V with a 
normal Carlson process, the outputs from the charger 
are +6.8 kV (Comparative Example 5) and +7.3 kV 
(Comparative Example 6). 

COMPARATIVE EXAMPLES 7 AND 8 

Overcoat layers were formed on an Sc-As photosen 
sitive member (Comparative Example 7) and an Se-Te 
photosensitive member (Comparative Example 8) as per 
Examples 11 and 12 except that diborane gas and phos 
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phine gas were not introduced and the ?ow rate of 65 
hydrogen gas was increased to 300 sccm. 
The obtained test materials exhibited poor moisture 

resistance and produced image drift under high temper 

16 
ature conditions prior to use in resistance tests, thus 
con?rming their impracticality. 

COMPARATIVE EXAMPLES 9 AND 10 

Overcoat layers were formed on an Se-As photosen 
sitive member (Comparative Example 9) and an Se-Te 
photosensitive member (Comparative Example 10) as 
per Examples 15 and 16 except that hydrogen sul?de 
gas and phosphine gas were not introduced and the flow 
rate of hydrogen gas was increased to 300 sccm. 
The obtained test materials exhibited poor moisture 

resistance and produced image drift under high temper 
ature conditions prior to use in resistance tests, thus 
con?rming their impracticality. 

COMPARATIVE EXAMPLES 11 AND 12 

Overcoat layers were formed on an Se-As photosen 
sitive member (Comparative Example ll) and an Se-Te 
photosensitive member (Comparative Example 12) as 
per Examples 19 and 20 except that silane gas and phos 
phine gas were not introduced and the ?ow rate of 
hydrogen gas was increased to 300 sccm. 
The obtained test materials exhibited poor moisture 

resistance and produced image drift under high temper 
ature conditions prior to use in resistance tests, thus 
con?rming their impracticality. 

COMPARATIVE EXAMPLES 13 AND 14 

Overcoat layers were formed on an Se-As photosen 
sitive member (Comparative Example 13) and an Se-Te 
photosensitive member (Comparative Example 14) as 
per Examples 23 and 24 except that tetra?uorocarbon 
gas and phosphine gas were not introduced and the ?ow 
rate of hydrogen gas was increased to 300 sccm. 
The obtained test materials exhibited poor moisture 

resistance and produced image drift under high temper 
ature conditions prior to use in resistance tests, thus 
con?rming their impracticality. 
What is claimed is: 
1. A photosensitive member comprising: 
an electrically conductive substrate; 
a photoconductive layer comprising a selenium 

arsenic alloy layer or comprising a selenium layer 
and selenium-tellurium layer formed in this order; 
and 

an overcoat layer formed on said photoconductive 
layer and comprising amorphous carbon contain 
ing hydrogen, said overcoat layer containing at 
least one element selected from Group V of the 
periodic table in an amount of from about 0.1 to 
about 20 atomic % based on all the constituent 
atoms therein, said overcoat layer having a thick 
ness of from about 0.01 to about 5 microns and 
being formed by plasma polymerization. 

2. A photosensitive member as claimed in claim 1 
wherein the amount of the hydrogen contained in the 
overcoat layer is about 10 to 60 atomic % based on the 
combined amount of hydrogen and carbon therein. 

3. A photosensitive member as claimed in claim 1 
wherein the overcoat layer further contains oxygen 
and/ or nitrogen in an amount of from about 0.1 to about 
20 atomic % based on all the constituent atoms therein. 

4. A photosensitive member as claimed in claim 1 
wherein the overcoat layer further contains halogen in 
an amount of from about 0.1 to about 50 atomic % based 
on all the constituent atoms therein. 

5. A photosensitive member as claimed in claim 1 
wherein the overcoat layer further contains chalcogen 
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in an amount of from about 0.1 to about 20 atomic % 
based on all the constituent atoms therein. 

6. A photosensitive member as claimed in claim 1 
wherein the overcoat layer further contains elements in 
Group III of the periodic table in an amount of from 
about 0.1 to about 20 atomic % based on all the constit 
uent atoms therein. 

7. A photosensitive member as claimed in claim 1 
wherein the overcoat layer further contains elements in 
Group IV of the periodic table in an amount of from 
about 0.1 to about 50 atomic % based on all the constit 
uent atoms therein. 

8. A photosensitive member comprising: 
an electrically conductive substrate; 
a photoconductive layer comprising a selenium 

arsenic alloy layer or comprising a selenium layer 
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18 
and selenium-tellurium layer formed in this order; 
and 

an overcoat layer formed on said'photoconductive 
layer and comprising‘amorphous carbon contain 
ing hydrogen in an amount of from about 10 to 
about 60 atomic %‘based on the combined amount 
of hydrogen and carbon, said overcoat layer con 
taining at least one element selected from Group V 
of the periodic table'in an amount from about 0.1 to 
about 20 atomic % based on all the constituent 
atoms therein and at least one element selected 
from the group consisting of oxygen, nitrogen, 
chalcogen, halogen and elements in Group III and 
IV of the period table, said overcoat layer having a 
thickness of from about 0.01 to about 5 microns and 
being formed by plasma polymerization. 
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